The diagnostic capabilities of modern medicine have exponentially expanded with the advances in technology. These advancements have, on one hand, contributed to improved accuracy of diagnosis and reductions in patient morbidity [1, 2] , while simultaneously resulting in increased utilisation and therefore higher and rising healthcare costs [3e6] . Between 1999 Between -2004 , annual Medicare spending on diagnostic imaging in the United States increased from US$5.8 billion to US$10.9 billion [7] , while in Canada, approximately 10% of all healthcare dollars are spent on diagnostic imaging, with Ontario alone spending over CAD $1.5 billion annually on diagnostic imaging [7, 8] . In addition to the economic considerations, additional unwanted consequences of these tests may include radiation exposure and the potential for side effects from intravenous contrast. Collectively, physicians and patients are accountable to weigh the net benefits vs the risks of a given test, while being mindful of the overall cost to the society and the finite resources available [9e11] .
The Choosing Wisely (CW) endeavor began in the United States as a movement organized by the American Board of Internal Medicine Foundation and Consumer Reports, with a goal of engaging physicians and patients in conversation regarding the unnecessary diagnostic testing [12] . The aim of the CW movement was to influence both physician and patient behaviors (ie, the supply and demand for potentially unnecessary diagnostic tests) ultimately leading to a reduction in unnecessary resource utilisation. CW sought recommendations from a variety of medical disciplines, asking each to provide 5 questions that patients and physicians ''should be asking'' regarding diagnostic testing [12] . Choosing Wisely Canada (CWC) is an extension of the original CW movement and is a joint project of the Canadian Medical Association and the University of Toronto [13] . The CWC website currently lists expert-level recommendations for eighteen medical disciplines.
Similar to any recommendation or clinical guideline, the level of evidentiary support for any given CWC recommendation is among the key factors that could impact its eventual uptake by the end users (ie, physicians and patients) [14] . The objective of this study, therefore, was to review the imaging recommendations of CWC and determine the level of evidence (LOE) provided in support of these recommendations, and to assess redundancy and bias.
website were reviewed by both authors and those pertaining to diagnostic imaging were extracted. Each recommendation involving or relating to a diagnostic imaging test, procedure, or aspect of radiological practice was catalogued in a database maintained in MS Excel (Microsoft Corporation, Redmond, WA). For each recommendation, the specific citations were extracted and the publication obtained for review. Each cited publication was reviewed and the level of evidence determined, based on the Oxford Centre for Evidence-Based Medicine LOE hierarchy. For any full texts of publications that were not accessible due to subscription issues, the type of the study and the corresponding LOE were determined based on the abstracts alone.
Additional data collected included the source or publisher of each specific citation, the country or region of origin of each source and, in cases where clinical trials are referenced, the patient population. Data were categorized based on the discipline providing the recommendation and were also categorized based on presentation, image modality (eg, computed tomography [CT], magnetic resonance imaging, radiograph) and setting (eg, urgent care vs clinic or elective).
Data Interpretation
The LOE of each source cited in support for each recommendation was determined. Sources were ranked on a scale from 1-7, based on the determined LOE, where 1 ¼ highest LOE and 7 ¼ lowest LOE (Table 1) . Two independent researchers evaluated the LOEs. Initially, a subset of recommendations (50) was assessed and compared by both researchers to rectify any differences. Afterward, the remaining list was subdivided equally between the 2 researchers and analysed independently. A rank average was calculated for each subgroup of recommendations, with a lower rank average indicative of a higher LOEs. The rank average (ie, an average of all the LOEs for a given recommendation) is a measure of the overall LOE for a given recommendation, a higher value indicating a higher LOE.
We also determined the number of overlapping and duplicate recommendations and citations. Potential specialty bias was assessed by cataloguing the country of origin of each publication used as a supporting citation and the society or association charged with compiling the recommendations. We searched for instances where citations used as support were published in journals sponsored by or affiliated with the society providing the recommendation.
Statistical Analysis
LOE summaries are presented as rank averages. Summary statistics are presented as mean and standard deviation (continuous data) or frequencies and percentages (categorical data). Differences between the mean LOEs were compared using nonparametric testing. Mann-Whitney U and KruskalWallis tests were utilised to compare recommendations.
Results
The CWC website contains 110 recommendations, of which 40 pertain to diagnostic imaging (Table 2 ). These recommendations are offered by 18 medical fields and specialties (Table 3) and are supported by a total of 214 citations. The number of recommendations provided per discipline ranged from 1 (endocrinology and metabolism, gastroenterology, oncology, spine, vascular surgery, and orthopaedics) to 5 (radiology and nuclear medicine). The number of unique citations provided in support of each recommendation varied widely (median: 4, range: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . No statistically significant correlation exists between the rank average of the LOE and the number of supporting citations for each recommendation (Pearson's r ¼ 0.11, P ¼ .42) (Figure 1 ). The full texts of 8 of the 214 citations were not accessible by reviewers during data collection due to subscription issues and were therefore not assessed.
LOE, per Discipline
Five recommendations from 4 disciplines (gastroenterology, urology, spine, and vascular surgery) were supported by evidence ranked at the highest level (1.0) ( Table 2) . These recommendations were supported solely by systematic reviews of randomized controlled trials (or clinical guidelines using systematic reviews as support). Although supported by high-quality evidence, these recommendations were supported by very few unique citations: a total of only 10 unique sources were cited in support of these 5 recommendations. Two disciplines (nuclear medicine and pediatric surgery) made recommendations supported by evidence with the lowest rank averages (4.4 and 5.1, respectively). While these fields also used level Ia evidence to support their recommendations, the majority of the citations cited were of low LOE (Table 3) . Nuclear medicine provides 5 recommendations, with a total of 25 supporting citations, 10 (40%) of which were level Ia citations, while 9 citations (36%) were of the lowest LOE (level V). The remaining citations were either retrospective chart reviews or cohort studies. Similarly, in support of the 3 recommendations provided regarding pediatric surgery, 9 unique sources were cited, only 2 of which were level Ia. An equal number were of the lowest level (level V), with the remaining citations being retrospective chart reviews. The large proportion of retrospective Don't order neck radiographs in patients who have a negative examination using the Canadian C-spine rules.
Family medicine Don't do imaging for lower-back pain unless red flags are present.
Don't order screening chest x-rays and ECGs for asymptomatic or low-risk outpatients.
Don't do screening mammography for low-risk women 40-49 years of age.
Don't order DEXA screening for osteoporosis on low-risk patients. or other low-level evidence accounts for the low rank averages associated with these disciplines.
LOE, per Recommendation
All LOEs were represented across the various recommendations. Thirty-four of 40 recommendations (85%) are supported by at least 1 citation at the highest LOE. Of the 6 recommendations not supported by level Ia evidence, 2 (from endocrinology and metabolism and internal medicine) were supported by randomized controlled trials (level Ib) and 3 (from emergency medicine, general surgery, and occupational medicine) were supported by systematic reviews of prospective, observational studies (level IIb). One recommendation pertaining to pediatric surgery provided a level IIIb (retrospective review) study as its strongest supporting evidence. A weak inverse but not statistically significant correlation exists between the number of unique sources cited and the strength of evidence (Pearson's r ¼ 0.28, P ¼ .22), with the trend indicating that recommendations with fewer supporting citations are generally associated with a higher LOE. Each specialty contains at least 1 recommendation supported by level Ia evidence, with the exception of endocrinology and metabolism. The overall rank average for all recommendations is 3.2 (median: 3.05). Eight recommendations were associated with a rank average of 1.0, indicating that all sources of evidence were of the highest level. However, 2 of these 8 recommendations had only 1 supporting evidence. Conversely, 13 recommendations had a rank average of 4.0 or greater, where the highest LOE provided was in the form of retrospective studies.
LOE, per Imaging Modality
Recommendations were made regarding the use of several types of diagnostic imaging, including plain films, CT, dualenergy x-ray absorptiometry (DEXA), ultrasound, bone scan, mammogram, and unspecified imaging. Table 4 summarizes the comparative strength of evidence supporting recommendations for these various modalities. The use of mammograms was supported by the highest LOE, with 2 recommendations supported by an average of 4.5 citations, with a rank average of 1.2. In contrast, for 11 separate recommendations on the use of CT, an average of 6.3 citations per recommendation were provided, but with a rank average of only 4.5.
Duplicate Recommendations
There were several duplicate recommendations (recommendations on 1 specific issue but made by different disciplines). Recommendations regarding imaging in low-back pain came from 3 specialties (family medicine, occupational medicine, and radiology). All 3 specialties recommended avoiding routine plain films for low-back pain where no red flags are present; however, each cited different sources on which they based their recommendation. Across all 3 specialties, 23 sources were cited, with only 2 sources cited by more than 1 field. Radiology cited the highest LOE, with a rank average of 1.2 and 9 of 11 sources being level Ia. Conversely, occupational medicine (2.8) and family medicine (3.0) both cited lower-quality research in support of this recommendation, with 3 of 6 and 2 of 5 sources, respectively, ranked at level Ia. These differences were not statistically significant.
Recommendations regarding the appropriate use of DEXA were made by 3 disciplines (family medicine, rheumatology, and nuclear medicine), with rank averages of 3.3, 1.0, and 1.8, respectively. Rheumatology and nuclear medicine both made the same recommendation: to avoid repeating DEXA investigations within a 2-year period in low-risk patients. A total of 6 citations were used to support these identical recommendations, although only 1 source was cited by both disciplines [16] . Although rheumatology used only level Ia evidence to support its recommendation, nuclear medicine used level Ia evidence in addition to 1 level IIb citation.
Recommendations regarding imaging in abdominal investigations were provided by 4 specialties (pediatric surgery, general surgery, radiology, and urology). Three disciplines (pediatric surgery, general surgery, and radiology) provided the same recommendation (''Don't do CT for the evaluation of suspected appendicitis in children until after ultrasound has been considered as an option.''); however, the citations used to support this recommendation varied substantially in number and source. Pediatric surgery cited 5 studies with an overall rank average of 4.6, general surgery cited 8 studies (rank average: 4.0), and radiology cited 12 studies (rank average: 4.9). Of the 25 citations listed across the 3 disciplines, 4 are duplicated (2 cited by all 3 disciplines, 2 others cited by 2 disciplines), resulting in a total of 19 unique citations used to support the recommendation. Of these 19 citations, only 3 were level Ia evidence while 9 of 18 were level IIIb (retrospective studies).
Elective vs Urgent Care Imaging
Thirteen recommendations from 7 disciplines pertained to the use of diagnostic imaging in urgent care settings. The rank average of these recommendations was 3.4, vs 3.1 for elective settings (t ¼ 0.7918, P ¼ .434). These results were from an analysis where plain films for the evaluation of low-back pain was considered an urgent care condition; however, this condition is also often treated in noneurgent care settings. A post hoc sensitivity analysis was subsequently performed with low-back pain categorized as a noneurgent care condition. The sensitivity analysis resulted in 8 recommendations being related to urgent care, with 32 related to noneurgent care settings. The rank average of urgent care condition recommendations in the sensitivity analysis was 4.1, vs 2.9 for nonurgent practice. Categorizing low-back pain as a nonurgent condition lowered the overall LOE supporting urgent care conditions significantly (t ¼ 3.25, P ¼ .001).
Assessment of Specialty Bias
Over the entire 40 recommendations and 214 supporting citations, potential sources of specialty bias were identified in only 9. One recommendation from family medicine relating to the appropriateness of mammograms in low-risk patients aged 40-49 was identified as having 5 specific citations, 2 of which could be subject to specialty bias. In those cases, the citation had been published in the journal of the association making the recommendation. Similarly, in a recommendation regarding the proper prescription of DEXA screening for osteoporosis in low-risk adults, 1 of 4 citations was published in the association's journal. The Canadian Association of Radiologists provided 5 recommendations for radiology practice, 3 of which cited a source directly from the CW (United States) site. One recommendation from each of the hospital medicine and psychiatric fields had 1 source published in the journal of the recommending association. Finally, 2 recommendations regarding upper gastrointestinal series when investigating dyspepsia and the use of CT angiogram to diagnose pulmonary embolism in young patients could be considered as sources of bias, as there are alternatives to these tests for these conditions [17e19]. The former recommendation cites 2 high-level studies (1 costeffectiveness analysis, 1 clinical guideline) in support of their recommendation; however, the latter cites several lower level studies (6 clinical reviews, 3 observational studies, and 1 clinical guideline) as supporting evidence.
Discussion
Between 2000-2007 imaging study usage in the United States grew faster than any other physician service covered by Medicare [20] . Although this level of growth leveled off in the latter half of the decade, medical imaging remains one of the largest sources of Medicare spending [21] . Some estimates suggest that up to 5% of the U.S. gross national product is spent on tests and procedures that do not improve patient outcomes [22] , while others estimate that up to 50% of all ''high-tech'' imaging provide no useful information and may be unnecessary [23] . The CW initiative aims to limit the use of excessive and noncontributory diagnostic investigations by encouraging medical societies and associations to lay out 5 or more evidence-based recommendations in their respective fields. In this study, we focused on the LOE behind the imaging-specific recommendations.
The results of our study indicate that, while the overall LOE used to support the various CWC recommendations is acceptable, there is considerable variation regarding the number and type of studies used to support the recommendations. Although not statistically significant, there was a trend (r ¼ 0.28) towards the number of sources cited being inversely related to the strength of evidence, where stronger evidence was associated with fewer citations. This, in part, could be inherent to each discipline, type of recommendation, the different approach each discipline took in generating their recommendations, and the quality of evidence for a recommendation. For example, many orthopaedic surgical procedures have been utilised for many years, some prior to the use of randomized controlled trials (eg, intramedullary nailing for long bone fractures), and thus have not been subject to the highest level of scrutiny, even though they are accepted within the medical community as being the gold standard treatment. Similarly, in some scenarios, ethical considerations may preclude blinded, randomized studies. In such cases, observational studies or retrospective reviews are the most appropriate methodology to employ and thus represent the best available evidence. In addition, existence of high-LOE research on certain topics may dissuade necessity for further research and may explain the trend towards higher LOE in recommendations with fewer studies.
Recommendations regarding women's health and cancer were associated with high-level support whereas recommendations regarding pediatric conditions offered lower-level support, with 78% of citations supporting recommendations regarding women's health issues rated as level Ia, as compared with only 21% in pediatrics. Again, this may reflect the ethical considerations surrounding performing randomized trials on certain populations, as randomized controlled trials constitute a much smaller proportion of research studies in pediatric populations than in adult populations [24] . A recent review found that although childhood asthma accounts for only 3%-5% of primary care visits, it is the subject of 23% of all Cochrane systematic reviews on pediatrics, indicating the discrepancy between the prevalence of the disease and associated research in pediatrics due to the difficulties of conducting large-scale randomized controlled trials [25] . Thus, the low proportion of level Ia evidence in certain population or imaging investigation of certain disease entities is perhaps due to inherent difficulties in generating high LOE.
We noted that there was difference in the LOE used for different modalities such as plain radiographs, ultrasound, CT, and DEXA. Similar to well-established orthopaedic procedures, long-accepted imaging techniques are used less frequently in high-level studies, which may tend to utilise newer technology to improve diagnostic accuracy or patient outcomes. That the recommendations regarding the use of plain films or CT are supported by low-level evidence may simply reflect the available evidence.
Several recommendations associated with both lowquality evidence and a low number of supporting citations indicate the need for further research. Specifically, recommendations regarding ultrasound for umbilical or inguinal hernias, imaging to detect pulmonary embolism in young patients, and possible asbestosis and full-body scans for minor trauma are all supported by only low LOE, with the majority citing retrospective reviews or literature reviews as support. Although this LOE available may reflect the state of the literature or difficulty in designing randomized controlled trials in these fields, it also indicates a need for more research in these areas to provide the best possible recommendations for patients. If recommendations supported by only low-level evidence are not followed and do not impact imaging utilisation, resources may be better spent on initiatives that will reap greater rewards. Further study to determine the impact of the CWC recommendations on imaging utilisation is certainly warranted.
An encouraging finding from our study was the relative lack of specialty bias. Only 4.2% of the citations referenced could be considered potentially subject to specialty bias. We interpret this as an effort by the societies and associations charged with providing the recommendations to base their recommendations on the best available evidence, as opposed to evidence easily available from their own society journals. Two specific recommendations could be subject to bias due to conflict of interest, due to the availability of alternate tests that may not carry the same healthcare costs or associated risks as those recommended. One of these recommendations, regarding diagnosis of dyspepsia, is supported by 2 high-level studies; however, the recommendation regarding CT angiogram for pulmonary embolism in young patients is supported by a large number of several very low-level studies. A recent study reports that while younger patients are at a 10-fold lower risk for pulmonary embolism, they are imaged in similar proportions to elderly patients (2.3% vs 3.2%) [26] . These authors recommended a modification of the current guidelines regarding age-specific risk factors and found that it resulted in a decrease in the rate of imaging in young patients by 51%, with a missed PE rate of only 0.6%. In cases such as this, modification of the recommendation itself rather than an analysis of the LOE supporting the recommendation may be more in the interest of the patient.
Of 214 citations provided to support the various recommendations, 73 (34%) were in the form of guidelines prepared by the relevant association or group. These guidelines, created by the various medical associations, are created using systematic search methods and compilation of specific practice recommendations based on the best available evidence. Although providing high-quality evidence, these guidelines also each utilise their own algorithms to guide clinicians through the diagnosis and treatment process. Collaboration between the various associations preparing guidelines and CWC, rather than merely repurposing of these guidelines among the CWC recommendations, would be beneficial as a more comprehensive and consistent method of making practice recommendations.
As CWC evolves, we have several recommendations that would help to further enhance the CWC goal and increase engagement among physicians and patients:
1. Establishment of a minimum LOE required to support a recommendation 2. Interdisciplinary collaboration and coordination amongst different societies and disciplines in providing comprehensive and impactful recommendations 3. Identification of gaps in knowledge and areas where LOE available in support of the recommendations is weak
The true measure of the effectiveness of the CWC movement will be the impact of the recommendations on patient care and on utilisation. Currently there is little information available to patients on how the recommendations will impact their care. This patient education information would be a valuable addition to the website. It is noteworthy that the most recently released recommendations (June 2, 2015), provide much more description and background information than do the early recommendations. This additional information is an excellent step towards enhancing patient education.
Limitations
Our study has limitations. First, our study identified the LOE associated with each citation but did not evaluate the methodological quality of each referenced study. With the variation among methodological quality in systematic reviews, it is possible that some of the reviews used as the highest LOE were, in fact, poorly designed and are of low methodological quality. Future studies should determine the quality of the systematic reviews or meta-analyses used as level Ia evidence to determine whether there are methodological errors or shortcomings that could compromise the veracity of the conclusions. Second, any newly added CWC recommendations since 2015 were not included in this review. Last, we did not assess the existence of knowledge gap in utilisation and impact of diagnostic imaging in practice. This represents an important next step in the evaluation of the value of the CWC movement.
Conclusions and Recommendations
Our findings indicate that the majority of CWC recommendations regarding diagnostic imaging are supported by high-quality evidence. We noted, however, that there was considerable variation between disciplines regarding the number and quality of sources cited in support of the specific recommendations.
